Here we report a novel murine zinc-®nger gene, Opr, belonging to the opa/Zic family. Opr is expressed in the entire embryonic ectoderm before gastrulation, but gradually restricted to the anterior part from the mid to late streak stage. At the beginning of neural induction, Opr is expressed throughout the anterior neural plate, but is soon restricted to the neural ridge. After neural tube closure, its expression is maintained in the dorsal part of the neural tube, except for the roof of the telencephalon. Opr is also expressed in somites and limbs. q
Results and discussion
In our efforts to isolate genes by subtractive screening that are activated upon, and thus may function in, development of the anterior neuroectoderm, we identi®ed a new gene encoding an opa (Drosophila odd-paired)-related, Opr, whose zinc ®nger is 75% identical to opa (Benedyk et al., 1994) (Fig. 1A,B) .
To date murine homologues of opa have been known as Zic1±4 (Aruga et al., 1994 (Aruga et al., , 1996a . These genes have ®ve ®nger motifs (Pavletich and Pabo, 1993) . Fingers 2±5 would participate in DNA recognition and are conserved among the Zic genes. Finger 1 might participate in protein±protein interactions; it is conserved among Zic1±3, but Zic4 has a unique ®nger 1. Opr ®ngers 2±5 are similar to Zic1±4, but the Opr ®nger 1 is distant from Zic1±3 and Zic4 (Fig. 1A) . Zic genes are also reported in human, Xenopus and zebra®sh (Yokota et al., 1996; Gebbia et al., 1997; Nakata et al., 1997 Nakata et al., , 1998 Mizuseki et al., 1998; Kuo et al., 1998; Brown et al., 1998; Grinblat et al., 1998; Rohr et al., 1999) . Phylogenetic analysis of the entire amino acid sequences has indicated that these members are homologues to Zic1±3, and that Opr constitutes an independent lineage, as does Zic4 (Fig. 1C) .
The N-and C-terminal sides of the zinc ®ngers are also conserved among Zic1±3 (Aruga et al., 1996a) . Those of Opr are diverged, but there exist several motifs (Fig. 1B) . The C-terminal side of Opr is rich in serine/threonine (32%), similar to opa and Zic1±4; this region is suggested to be suppressive to transcription (Kuo et al., 1998) . Opr has alanine rich clusters characteristic of transcriptional inhibitors (Brewster et al., 1998; Han and Manley, 1993) , as do opa and Zic1±3. Opr has proline clusters present in opa but not in Zic genes. Opr lacks the histidine cluster found in opa and Zic1±3 and the glutamine cluster present in opa. In contrast, Opr uniquely has serine/glycine clusters. Zic4 has none of these clusters. Thus, the relationship of Opr to Zic1±4 is equivocal, and in order to re¯ect the similarity of this gene to Drosophila opa we chose the name Opr (Oddpaired related).
The Opr expression was ®rst found in the entire embryonic ectoderm before gastrulation ( Fig. 2A) . At early streak stage, it was slightly reduced in the caudal ectoderm where mesoderm was invaginating (data not shown). At the mid streak stage, the expression apparently increased in the anterior half of the ectoderm, while it remained constant in the posterior ectoderm and mesoderm (Fig. 2B,C) . At the late streak stage, the Opr expression was intense in the anterior ectoderm ( Fig. 2D ). At the headfold stage, Opr expression was found throughout the entire neural plate except in the midline (Fig. 2E,F) .
When the somite formation started, the Opr expression in the neural plate dramatically changed: the expression shifting to the neural ridge corresponding to the prospective dorsal neural tube (Fig. 2G ). At embryonic day (E) 8.25 it was restricted to the dorsal side of the closing neural plate E-mail address: saizawa@gpo.kumamoto-u.ac.jp (S. Aizawa). A phylogenetic tree of opa, Opr and Zic proteins generated by the CLUSTAL W algorithm using standard parameters (Thompson et al., 1994) . h, m, z and x indicate human, mouse, zebra®sh and Xenopus, respectively. Opr expressions in somites; the boxed area in (L) is given at a higher magni®cation. Anterior is to the left and dorsal is at the top. al, allantois; ch, chorion; dc, diencephalon; e, eye (optic vesicle); ec, embryonic ectoderm; fb, forebrain;¯, forelimb; hb, hindbrain; hl, hindlimb; lt, lamina terminalis; m, mesoderm; mb, midbrain; mc, mesencephalon; nc, notochord; np, neural plate; nt, neural tube; psm, presomitic mesoderm; rp, roof plate; s, somite; sc, spinal cord; tc, telencephalon; ve, visceral endoderm; xec, extraembryonic ectoderm.
( Fig. 2H,I ), though it was not yet in the caudal neural plate (Fig. 2J) . At this stage, the Opr expression on the dorsal side of the closed neural tube is similar to that of Zic1±3, but we could not detect any signi®cant signal in the somite or neural crest cells (Fig. 2K) , where Zic1±3 are strongly expressed . After neural tube closure, the Opr-positive domain existed in the dorsal midline of the entire neural tube and in the roof plate (Fig. 2L±N) . In telencephalon, however, Opr was detected along the dorsomedial edge of cerebral hemispheres; it was expressed in the lamina terminalis but not in the choroidal roof (Fig.  2M ). Somitic mesoderm did not express Opr in the rostral region, but in the tail region Opr expression was found uniformly in unsegmented presomitic mesoderm and at the dorsal-most side of each segmented somite (Fig.  2L,O) . Opr was also expressed in the developing limb buds (Fig. 3) . The data have not been reported on Zic1±3 expression before gastrulation and are poor from gastrulation to neural induction . Embryonic expression data on Zic4 are absent (Aruga et al., 1996b) . Apparently, however, the Opr expression is characteristic of ectodermal tissues such as embryonic ectoderm and dorsal neural tube, while Zic1±3 are also expressed strongly in mesodermal tissues and neural crest cells.
Materials and methods

Opr isolation
Suppression±subtraction hybridization was performed using a PCR-Select cDNA Subtraction Kit (Clontech) using tester (wild type) and driver (Otx2 2/2 ) cDNAs from embryonic ectoderm of E7.0 wild type and headless Otx2 2/2 (Matsuo et al., 1995) embryos. A 259 bp fragment (MT039) that has part of the zinc ®nger motif was identi®ed, and the subsequent 3 H RACE yielded a 709 bp fragment (Opr(3 H )). The E8.5 cDNA library was screened with the Opr(3 H ) probe and the longest clone (2464 bp, clone A-4) was sequenced.
In situ hybridization
In situ hybridization was performed with Opr(3 H ) as a probe (Wilkinson, 1992) . The probe gave a 5 kb unique band in Northern blot (Sambrook et al., 1989) at E12.5 (data not shown) when Zic1±4 are all expressed (Aruga et al., 1996b; Nagai et al., 1997) . Opr(3 H ) gave exactly the same hybridizations with a probe that has no zinc ®nger region (221 to 1098 nt), but the staining with the latter probe was weak with a higher background. Sections were made after the hybridizations at 10 mm. Opr expression started at E9.0 (Fig. 2L) . In the budding limb, Opr was broadly expressed in the mesodermal tissue adjacent to the apical ectodermal ridge (D). Subsequently the expression domain was divided into anterior and posterior mesenchyme (A). Then Opr was detected in the interdigit regions and wrist (B,C,E,F). Note that the development of hindlimbs is delayed by about 12±24 h compared to that of forelimbs and that the expression pattern was almost the same in fore-and hindlimbs.
